Abstract. The chemical structure and absolute configuration of a novel benzoic acid (1) which is the secondary metabolites from the marine fungus Penicillium chrysogenum SYP-F-2720, has been determined by experimental spectroscopic data and quantum chemical calculations of its electronic circular dichroism (ECD). The configurational assignments were further confirmed by the highly consistent spectra between natural compound and synthetic compound which from raw material with a definite configuration. Furthermore, The target compound exhibited more significant anti-inflammatory and analgesic activities than aspirin when administered at 100 mg/kg, however, it behaved no ulcerogenic effect.
Introduction
The secondary metabolites of marine microorganisms is fairly recognized as a potential source of original structure and biological activity substance due to its strain-specific [1] [2] [3] [4] [5] . Marine fungus is a class of marine microorganisms, and its secondary metabolites demonstrate biodiversity [6] . As the most primitive multicultural marine fungus organisms, sponge is an important source of natural active ingredients [7, 8] . To data, numerous novel biological active substance with antitumor, antiviral, antibacterial, anti-inflammatory, and enzyme inhibitory activities have been isolated from sponge-derived marine fungus, such as aspergione A-F from Aspergillus versicolor, evariquinone and isoemericellin from Emericella variecolor, isocyclocitrinol A from Penicillium citrinum, sorbicillactones A from Penicillium chrysogenum [7] [8] [9] [10] [11] [12] . SYP-F-2720 is a sponge-derived marine fungus belongs to P. chrysogenum strain, which is no relevant research on it so far. In the course of a program aiming at the isolation of secondary metabolites from the fermentations of P. chrysogenum, a novel benzoic acid (compound 1) was recently isolated from the secondary metabolites of P. chrysogenum SYP-F-2720 together with three known compounds, cycol-(ProLeu), cyclo-(4-hydroxyl-Pro-Phe), (22E,24R)-Ergosta-5,7,22-triene-3β-ol [13] [14] [15] . Yet its absolute configuration remained unknown. Herein, we describe the absolute stereochemistry of compound 1 by means of experimental spectroscopic data and quantum chemical calculations. Configuration assignment of the target compound was further verified by synthetic compound which from raw material with a definite configuration.
Furthermore, the anti-inflammatory and analgesic activities of 1 were evaluated.
Results and Discussion
The chemical structure of compound 1 ( Fig. 1 ) was elucidated by a more detailed 1 H and 13 C NMR spectroscopic analysis via 1 H-1 H COSY, HMBC, HSQC and DEPT experimental finding (Table 1) . 1 H NMR spectrum of compound 1 implied that four aromatic proton signals at δ H 7.17 (td, J = 7.8, 1.2 Hz), 7.61 (td, J = 7.8, 1.2 Hz) and δ 8.01 (dd, J = 7.8, 1.2 Hz), 8.71 (dd, J = 7.8, 1.2 Hz) which were assigned to a an ortho-substituted benzene ring, besides, two hydroxyl groups at δ H 6.13 (2′-OH, s) and δ H 11.99 (COOH, s), one methine (δ H 4.16, m), one methyl group (δ H 1.34, d) and amino proton at δ H 13.55 were also detected. The fact that the carboxylic acid group connected to the phenyl group was confirmed by the resonance at δc 168.9 ppm in the 13 C NMR, the absorption bands at 3400.4 and 1660.6 cm −1 in IR spectrum, which suggested a conjugated nature, and also supported by the HMBC correlation between H-3, H-6 and δc 168.9. The 1 H-1 H COSY spectrum of the title compound demonstrated the presence of two spin systems (H-2'─H3-3' and H-2'─H-2'-OH) (Fig. 2) . The stereochemistry assignment of compound 1 was determined by electronic circular dichroism (ECD) spectra provided 
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by measured and quantum chemical calculations which carried out by TD-DFT/CAM-B3LYP/TZVP [16, 17] . The spectrum simulated for (S)-1, reproduced the sign and intensity of measured positive CE at 237 and negative CE at 261 nm, is in excellent agreement with the experimental pattern. On the contrary, the calculated ECD spectrum for (R)-1 was almost opposite to the experimental curve of (S)-1. Thus, the absolute configuration of 1 was assigned to S. In order to get reliable results, TD-DFT/CAM-B3LYP/ aug-cc-pVDZ ECD calculations were also performed for the conformers of (S)-1 [18] . The Boltzmann-weighted ECD of (S)-1 by different basis sets did not lead to notable changes in the ECD curve profile (Fig. 3) .
The origin of the CEs in the experimental ECD of 1 could be explained by molecular orbital (MO) analysis at the same level of ECD calculation (Fig. 4) . As inferred from the MO analysis, the significant positive CE at 211 nm was contributed by the electronic transition (ET) from MO 54 to MO 57 involving the π→π* transition of phenyl ring and carbonyl group n→ π* transition. The positive CE at 237 nm is mainly dominated by transitions from MO 54/MO 56 (50%) and MO 55/MO 57 (42%), which could be ascribed to the combination of a benzene ring π→π* transition and the n→π* transition of amide and hydroxy groups. Moreover, the strong negative CE at 261 nm in the measured spectrum also derived from the same ET which causing the CE at 237 nm. According to the above data, it was suggested that the CEs at 211, 237, 261 and 312 nm in the ECD curve were determined by the configurational assignment of C-2', which was in accordance with the theoretical ECD spectra for the two stereisomrs of (R and S).
In our research, compound 1 has been synthesized from commercially available chiral precursors. Synthetic compound presented remarkable similar spectroscopic parameters to compound 1, particularly ECD spectral features (Fig. 3) . The synthetic procedure of compound 1 is shown in Scheme 1.
On the basis of the above evidence, the complete structure of compound 1 was elucidated as (S)-2-(2-hydroxypropanamido) benzoic acid.
The anti-inflammatory, analgesic as well as the ulcerogenic activities of compound 1 was investigated in vivo at 100 mg/kg dosage and compared with aspirin as reference standard in all screenings. It is clearly seen from Fig. 5 that the positive control group (a and b) demonstrates ulcerogenic and bleeding points, versus test group (c and d); in addition, data showed in Table 2 indicated that compound 1 exhibits considerable antiinflammatory and analgesic activities compared with aspirin, indicating that it is an active substance with anti-inflammatory and analgesic pharmacological activity. 
Experimental
General experimental procedures NMR spectra were recorded on Bruker AVANCE-600 NMR spectrometer, TMS as internal standard, δ in ppm, J in Hz. 13 C multiplicities were determined by DEPT spectra. COSY, HMBC, HSQC and DEPT experiments were performed using Bruker microprograms. The optical rotation degree was measured PERKIN-ELMER241M optical rotation spectrometer, CD spectrum was recorded on Biologic MOS-450 CD spectrometer. The IR spectrum was recorded in the region 4000-400 cm −1 using KBr pellet technique with 1.0 cm −1 resolution on a BRUKER IFS-55V IR spectrometer. The FT-Raman spectra was recorded using 1064 nm line of Nd:YAG laser as the excitation wavelength in the region 3500-100 cm −1 on a BRUKER RFS 100/S FT-Raman spectrometer. The detector was liquid nitrogen cooled Ge detector. Two hundred scans were accumulated at 4 cm −1 resolution with 50mW laser power. Mass spectra were measured on Shimadzu 2010 LC-MS and a Bruker ESI-Q-TOF-MS/MS high-resolution mass spectrometer. Column chromatography was performed on silica gel (200-300 mesh; Qingdao Haiyang Chemicals). .45 g agar and 0.9 g NaCl in 30 mL distilled water) and cultivated at 28 °C for 5 days. Mycelial agar plugs were inoculated into a 2000 mL Erlenmeyer flask containing sterilized (glucose 1%, peptone 0.5%, yeast extract powder 0.3%, malt immersion powder 0.3%, NaCl 3% in 700 mL distilled water) at 28 °C for 14 days.
Fungal materials
SYP-F-2720 is a sponge-derived marine fungus which belongs to
Extraction and Isolation
The fermentation broth of SYP-F-2720 was extracted by adding 1400 mL ethyl acetate (EtOAc) to the flask and then homogenized. The homogenized suspensions were collected, filtrated, and partitioned with water. Ethyl acetate portion was evaporated under reduced pressure to give brown syrup (0.1 g). Then the syrup was subjected to octadecylsilyl (ODS) column with linear gradient elution with 40%-100% aqueous methanol and 61 fractions were obtained. Table 1 .
Computational details
The conformational searching for a pair of enantiomers (R and S) was performed by Spartan 10 program with MMFF molecular mechanics force field [19, 20] . After surveying the conformational space, the conformers within 5 kcal/mol enegy window were re-optimized at B3LYP level of theory using 6-311 + + G (2d, 2p) basis sets under PCM model by Gaussian 09 package program [21] [22] [23] .
The Gibbs free energies were also calculated at the same level and frequency calculations based on the previously optimized geometries in order to ensure the minimum energy of the structure. Relative population of each conformer was valued on the basis of Boltzmann weighting factor at 298K to simulate ECD. The Boltzmann weighting factor
for the Gribbs free energy, gas constant and absolute temperature (298 K). The ECD were simulated by the time-dependent density functional theory (TDDFT) method at CAM-B3LYP/TZVP and CAM-B3LYP/aug-cc-pvdz basis set, and methanol was used as solution under PCM model. ECD curves were generated by Specdis with half bandwidth of 0.32 eV [16, 18, 19] .
Biological activity assay
The anti-inflammatory and analgesic activities associated with the ulcerogenic assay of compound 1 were ascertained compared with aspirin which was used as positive control. The xylene-induced mouse ear edema model, acetic acid-induced writhing response model, and influence on the gastric irritation, following the reported method [24] [25] [26] [27] [28] [29] . Pharmacological tests were conducted in Kunming mice weighing 20-25 g, and they were divided into nine groups of 10 mice each, of which three groups were all male mice for evaluating anti-inflammatory activity, three groups were all female mice for testing analgesic activity, the other three groups were either sex for evaluating ulcerogenic activity, pregnant female mice were excluded. Animal room was maintained at 25 ± 2 °C with a 12 hours light/dark cycle. Food and tap water was freely available except for the acute ulcerogenesis test. All test compounds were suspended in a solution of methylcellulose (0.5%) and administered orally at the dose of 100 mg/kg body weight. The results were summarized in Table 2 . The ethical guidelines described in the NIH Guide for Care and Use of Laboratory Animals were followed throughout the experiments.
Conclusions
In summary, this paper reports the isolation and structural identification of (S)-2-(2-hydroxypropanamido) benzoic acid which was isolated from the fermentations of Penicillium chrysogenum SYP-F-2720. The structure with absolute configuration was determined by spectroscopic data coupled with quantum chemical calculations. Furthermore, the structural elucidation as well as AC was confirmed by the strong correlation of spectra between compound 1 and synthetic compound 1 which from raw material with a definite configuration. The anti-inflammatory and analgesic activities of the compound were evaluated and no ulcerogenic activity was observed simultaneously. Taken together, the results provide a new active substance which has anti-inflammatory and analgesic pharmacological activity.
